An organ culture model of rabbit corpus cavernosum has been developed to investigate ®brillar collagen synthesis in intact organ. Rabbit peni were removed en bloc, the corpora cavernosa were dissected, sliced into 5 mm pieces and incubated in culture media up to 24 h. Tissue viability and metabolic and functional integrity were assessed by (a) lactate dehydrogenase (LDH) release, (b) protein synthesis, and (c) ability to respond to exogenously added cytokines.
Introduction
The trabeculae of the penile corpus cavernosum are composed mainly of a single layer of endothelium lining the lacunar spaces, nerves, vascular smooth muscle and connective tissue. 1 The interaction between these cell types and their response to external stimuli such as oxygen tension, nutrients, cytokines and growth factors regulate and maintain the structure and the physiology of this tissue. 1, 2 While primary tissue culture studies of individual corpus cavernosum cell types such as endothelial 3 or smooth muscle cells 4±7 have been useful in de®ning the molecular and functional characteristics of that particular cell type in vitro, organ culture allows preservation of cell-cell interactions and a system to study paracrine and autocrine interactions between cell types. This approach has been used successfully in rat aortic rings to investigate cellular and molecular mechanisms involved in collagen and ®bronectin synthesis. 8±10 A relationship between corpus cavernosum ®bro-sis and veno-occlusive disease has been suggested through histological studies of surgical specimens which have shown smooth muscle cell atrophy, hypoplasia and connective tissue accumulation.
13±15
Other studies have correlated histomorphometric structural changes (for example increased connective tissue) to failure of erectile function (venous leak). 16 These studies, however, fall short in de®ning cause and effect relationships in molecular factors involved in maintaining a functional trabecular smooth muscleaconnective tissue balance. There is a need for an organ culture model which allows investigations of the cellular and molecular mechanisms of connective tissue synthesis and remodeling in the corpus cavernosum. In this report, we de®ne the conditions for an organ culture model of rabbit corpus cavernosum which permits investigation of connective tissue protein synthesis and the role of cell±cell interactions on this process.
Materials and methods

Organ culture of corpus cavernosum
The protocol for these studies was approved by the Boston University Animal Care and Use Committee. Male New Zealand White rabbits were anesthetized with pentobarbital sodium (50 mgakg) and exanguinated. The peni were removed, corpora cavernosa dissected, sliced into 5 mm pieces, and placed in 30 mm 6-well tissue culture dishes (Costar, Cambridge, MA) with 4 ml prewarmed (37 C) Dulbecco's minimal essential media (5.5 mM glucose) supplemented with penicillin and streptomycin (DMEM, Life Technologies, Grand Island, NY) and 0.05% BSA. After preincubation of tissues for 30 min at 37 C and 7% CO 2 , the tissues were placed in fresh, prewarmed DMEM and incubated for various periods of time in a humidi®ed, tissue culture incubator (37 C, 7% CO 2 ).
Tissue viability (lactate dehydrogenase (LDH) release)
Tissue was incubated in 4ml of DMEM (37 C, 7% CO 2 ) for 24 h and at various times (0±24 h), aliquots of the media were removed, frozen in liquid N 2 and stored at 720 C until analysis of LDH activity using a SMAC analyzer was performed.
Assessment of organ culture functional integrity by determination of protein synthesis
The ability of rabbit corpus cavernosum to incorporate radiolabeled leucine into proteins was assessed. Tissue was incubated in DMEM supplemented with 50 mgaml ascorbate and 10 mCiaml of [ 3 H]leucine at 37 C, 21% oxygen 7% CO 2 for 8, 16, and 24 h. At the end of each of these periods, tissue was frozen in liquid nitrogen. After pulverizing the tissue with a percussion mortar on dry ice, homogenates were prepared in 50 mM Tris-HCl, 5 mM EDTA, 250 mM NaCl, pH 7.40 using a glassaglass tissue homogenizer. Aliquots were removed to determine protein concentrations. The amount of radiolabeled leucine incorporated was determined by precipitating total proteins in the homogenate with ice-cold 10% trichloroacetic acid (TCA) for 30 min at 0 C followed by centrifugation (30006g 10 min). This treatment was followed by three washes of ice-cold 10% cold trichloroacetic acid to remove the unincorporated leucine. The TCA precipitates were resolubilized with Tissue Solubilizer (Amersham, Evanston, IL) and leucine incorporation determined by scintillation counting. The protein concentrations of the homogenates were determined by the method of Lowry et al, 17 and protein synthesis expressed as femtomoles of [ 3 H]leucine incorporatedamg corpus cavernosum protein. At the end of the assay period, the media was removed and soluble collagen precipitated using two volumes of 95% ethanol (720 C). 4 Dried samples were then treated either with pepsin (1 mgaml in 0.1% acetic acid, overnight 4 C), andaor collagenase (24 Uaaliquot of collagenase form III (Advance Biofactures, Lynbrook, NY) in 50 mM Tris-HCl, 10 mM CaCl 2 , 10 mM N-ethyl maleimide, pH 7.40, 120 min 37 C) and analyzed by non-reduced, SDSpolyacrylamide gel electrophoresis as previously described 4 .
In situ hybridization
Rabbit corpus cavernosum explants were incubated in DMEM supplemented with 50 mgaml ascorbate, 50 mgaml b-amino-proprionitrile for 24 h. Tissues were ®xed and processed for in situ hybridization as described previously. 18 
Results
Characterization of rabbit corpus cavernosum in organ culture
The primary goal of these studies was to develop an organ culture model to study cellular and molecular mechanisms in rabbit corpus cavernosum. The criteria for a valid organ culture model are viability and functionality during the course of the experiment. These properties were assessed by (a) LDH release, (b) protein synthesis, and (c) ability to respond to cytokines. We demonstrate that corpus cavernosum in organ culture remains viable as exhibited by decreasing LDH release over a period of 24 h ( Figure 1 ). The observed initial release of LDH is attributed to tissue damage during dissection and slicing of the tissue. The functional integrity of corpus cavernosum in organ culture was examined by the ability to synthesize proteins in situ. As shown in Figure 2 , incorporation of [ 3 H]leucine into TCA precipitable proteins was demonstrated at all times examined up to 24 h. Protein synthesis increased linearly over time. These observations suggest that the tissue maintains viability and functional integrity.
Effects of TGF-b 1 on collagen synthesis in rabbit corpus cavernosum in organ culture
In order to determine if this experimental model retained its ability to respond to external stimuli, the effects of TGF-b 1 on collagen synthesis were examined. TGF-b 1 has been shown to induce ®brillar collagen synthesis in human corpus cavernosum smooth muscle cells in culture 4 and may play a role in connective tissue accumulation in corpus cavernosa. 16 Proline incorporation was used to demonstrate collagen synthesis as ®brillar collagens are composed of approximately thirty percent of this amino acid. Radiolabeled leucine provided a measure of total protein synthesis as described above. Incubation of corpus cavernosal explants with [
C]proline and [
3 H]leucine in the absence or presence of increasing concentrations of TGF-b 1 resulted in a two fold increase in proline incorporation into protein and a 1.5 fold increase in leucine incorporation into protein (Table 1 ). An increase in collagen synthesis was re¯ected in the [ Human corpus cavernosum smooth muscle cells in culture synthesize ®brillar collagen subtypes a1(1), a2(1) and a1(III) collagens as well as minor amounts of type VaXI collagen. 4 The types of ®brillar collagens produced by rabbit corpus cavernosum in organ culture were investigated by radiolabeling collagen with [
14 C]proline and [ 14 C]glycine, isolating soluble collagen from the media, digesting it with pepsin, and analyzing this Characterization of rabbit corpus cavernosum organ culture PM Newhall et al material with and without collagenase treatment on SDS-PAGE. As shown in Figure 3 , SDS-PAGE analysis of this material revealed the presence of a1(I), a2(I) and a1(III) collagens (Figure 3 ). Collagenase treatment veri®ed the identity of the bands as collagen. A faint band corresponding to type VaXI collagen was visible at apparent molecular weights slightly larger than collagen upon prolonged exposure (data not shown). Thus, rabbit corpus cavernosum in organ culture synthesized a similar complement of ®brillar collagens as human corpus cavernosum smooth muscle cells. 4 In situ hybridization of corpora to determine sites of collagen mRNA synthesis
To further characterize the potential usefulness of this model, detection of collagen mRNA in individual cell types within the rabbit corpus cavernosum explants was determined by in situ hybridization. Explants were incubated for 24 h, then ®xed and processed for in situ hybridization using anti-sense probes speci®c for a1(I) collagen. Under these conditions, total RNA prepared from explants and analyzed by Northern blot analysis using this rat a1(I) preprocollagen probe, speci®cally hybridized to 4.8 and 5.6 kb transcripts consistent with expression of this gene in cultured smooth muscle cells (P Newhall, Y-h Huang and RB Moreland, unpublished data). As shown in Figure 4 , a1(I) preprocollagen mRNA was localized in trabecular smooth muscle cells and other cells in corpora explants, suggesting active collagen synthesis.
Discussion
The trabeculae of the corpus cavernosa are composed of multiple cell types including smooth muscle cells, endothelial cells, and nerves. 1 To investigate the role of these cell types in erectile function, several experimental systems have been employed. These include organ bath chambers to Characterization of rabbit corpus cavernosum organ culture PM Newhall et al study pharmacological and physiological mechanisms, 1 organ culture systems which have been used to study prostaglandin synthesis 20 and cell cultures which permit in vitro studies on isolated cell types such as endothelium 3 or smooth muscle. 4±7 Cell free systems (for example cellular extracts) are useful for binding studies and assessment of enzymatic activity such as phosphodiesterases 21 or nitric oxide synthase. 22 An experimental system in which cell± cell interactions are maintained is desirable to investigate the role of paracrine and autocrine factors as well as the role of cell±cell interaction in the regulation of connective tissue gene expression in erectile tissue.
The goal of this study was to develop an organ culture experimental system which permits investigation of the role of smooth muscle cell and endothelial cell interactions in modulating connective tissue metabolism and the hormonal and pharmacologic regulation of gene expression. While homogenous cell cultures permit investigation of signal transduction and gene expression in a single cell type in response to stimuli, these cultures are limited by the lack of endothelial-smooth muscle cell interactions and the important role of released paracrine factors. Similarly, studies in tissue strips in organ bath chambers, while useful for studies relating to smooth muscle tone, do not permit investigations on cellular metabolism.
Conclusions
In this report, an organ culture model of rabbit corpus cavernosum is described which allows the investigation of cellular and molecular changes in corpus cavernosum. Our data show that this organ culture system meet the criteria of viability, functionality, and responsiveness to exogenously added cytokines. This model system provides a means to investigate the role of endothelial-smooth muscle interactions in vitro in a novel manner unavailable in any other experimental system of study of erectile tissue. This study validates an in vitro organ culture system of corpus cavernosum which lends itself to a host of experimental uses including regulation of connective tissue synthesis and prostanoid biosynthesis, which are considered important in maintaining a functional trabecular smooth musclea connective tissue balance. 16 
